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• Systems biology is a multi-disciplinary field that 
deals with mechanisms involved in complex 
biological processes by considering them as 
integrated systems of multiple interacting 
components.  
 
• The huge amount of data involved in this study 





































































Collecting large sets of experimental data 
Genomic, Proteomic or Metabolomic data 
Generating predictive models of those data using computers 
Assessing or correcting those computer models  
Comparing the predicted data with newly derived 
experimental data 



































 Descriptive science vs. Predictive science 
 Then why we chose it………….. 
 
▫ Produce   useful   predictions   or   extrapolations   that 
match experimental results 
 
▫ Beyond  present-day  experimental  capabilities 
 
▫ Save time, cost or effort 
 
▫ Identify missing components, processes or functions in a 
system 
 




































Software for systems biology 
• Computational tools are needed at each step of 
computational systems biology workflow. These are – 
 
 Data handling 
 Network inference 
 Deep curation 
 Dynamical simulation  




































 Workflow of computational tasks in systems biology 
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Software for systems biology 
Data handling 
 Network inference 
 Deep curation 
 Dynamical simulation  





































• Proper acquisition and handling of data is crucially 





• Standards for data management have focused on 
three core aspects:  
▫ Minimum information 





































 Minimum information is a checklist of 
required supporting information for data sets 






































Organization define Minimum information 
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Organization define Minimum information 
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▫ Metadata (that is, data about data), which has led to 
the definition of standards such as  
 
 International Organization for Standardization 
metadata registry (ISO–MDR) standard  
 
 








































▫ Ontologies define the relationships and hierarchy 
between different terms and allow the unique, 
semantic annotation of data 
 









































Data-management and data-analysis 
tools 
 Current data management systems can be broadly 
classified as – 
 
 Spreadsheet based  
 
 Web based 
 




































Spreadsheet based  
• Pros - 
▫ Most popular mode of data storage and 
communication in the life science community 
▫ Ease of use and sharing 
• Cons - 
▫ Standardized practice for filling the spreadsheet is 
required. 
▫ Not supported on all software platforms 
• Example - 
▫ MAGE-TAB (a spreadsheet-based, 
MIAME-supportive format for microarray data)  





































• Online wiki-based document and project 
management 
 
• Provide security and privacy options for data 
protection 
 
• Custom-built information systems  electronic 




































Workflow management systems (WMSs) 

















































































































































































Emerging efforts for data 
management 
▫ Sage Bionetworks  
 Sage Bionetworks is currently focused on 
establishing a platform for data acquisition and 
curation.  
 The future aim of this platform is for modelling 
 It offers Open collaborative 
 Data for drug discovery 
 
▫ ELIXIR 
 ELIXIR is a European effort that plans to build a 





































Building Disease Maps Data Repository 















































































































Data-driven network inference 
• Data 
Multi-dimensional data require constructing 
probabilistic, causal gene networks  
 
Genome scale DNA variation data 
Gene expression data  
 Protein–protein interaction data 
DNA–protein binding data  





































• A specific kind of modelling from large-scale data, 
known as data-driven network-based modelling 
 
• The models known as inference networks, co-expression 
networks or association networks. 
 
 
High-throughput and time course experimental data 
 
Use computational algorithms  
 
Infer causal relationships among molecular entities (such as 
genes, transcription factors, proteins and metabolites) 
 



































Approaches to network inference models 
• Based on Bayesian inference techniques 
 Computing the probability of a hypothesis (i.e. 
relationship between two molecular entities) based on 
some kind of evidence or observations 
 
 
• Regression methods 
• Correlation methods  
• Mutual information approaches 
 



































Mutual information approaches 
• It is a dimensionless quantity that measures the 
extent to which one random variable is 
informative about another variable 
 
• Zero mutual information  Independent 
 







































Standards in data-driven inference 
• No true benchmarking standards 
 





• Sage Bionetworks  
 
• Dialogue for Reverse Engineering Assessments and 
Methods (DREAM) initiative 
 


















































































































• An alternative to data-driven network inference 
 
• The deep curation approach creates a detailed 
molecular interaction map by information from 





































Data-driven network inference Deep curation 
• Hypotheses about interactions 
are generated automatically 
 
• Own hypotheses can not 
added or not easy 
 
• Not give rationale to support 
the hypotheses 
 
• They do not provide 
mechanistic details  
 
• deep curation approach 
constructs the model manually 
or semi-manually 
 
• It easier for researchers to add 
their own hypotheses into it. 
  
• Give rationale to support the 
hypotheses 
 
• They provide mechanistic 
details 
 




































• Pathway databases provide information that can be 
used to create an initial draft of the pathway model.  
 
▫ Kyoto Encyclopedia  of  Genes  and  Genomes  
(KEGG)  
▫ Reactome  
▫ Panther  pathway  database  
▫ Pathway Commons  






















































































































































































































• Search Tool for the Retrieval of Interacting 
Genes/Proteins  (STRING) 
 
• ConsensusPathDB (CPDB)  




































   Search Tool for the Retrieval of   









































































































Machine-readable and model- representation 
standards 
• Systems  Biology  Markup  Language  (SBML)  
• Biological Pathways exchange (BioPAX)  





Systems Biology Graphical Notation (SBGN) 
 




















































































































































































• Edinburgh Pathway Editor (EPE) 
• Jdesigner 
 Provide graphical editing and visualization capabilities 
 
• PathVISIO  (for pathway curation)  
 
• Cytoscape  (which is a widely used tool for the 
visualization of molecular networks) 
 
Tools and model databases for support deep curation  











































































































































Challenges of deep curation 
• The quality of pathways is often compromised by 
fragmentation and inaccuracy  
 
• Gold standard -use curated maps that have been 
carefully built by a small group of people who spend 
months studying a pathway 
 
▫ Epidermal growth factor receptor (EGFR) pathway 
▫ Toll-like receptor pathway  
▫ Mammalian target of rapamycin (mTOR) pathway  
▫ Yeast cell cycle   




































• Pathways updation and validation  
• Manually creating large-scale network maps from the 
literature is extremely labour-intensive 
 
▫ Automate knowledge discovery 
▫ Automated literature mining  
▫ collaborative curation   
 
























































































































































In silico simulation models  
•Building a model is like eating an 
elephant: it’s hard to know where to 
begin. 




































• Molecular interaction maps provide a static picture 
 
• Dynamical simulations are mostly based on models 
created by the deep curation approach 
 
• This is because deep curation captures  
 
 Causality   
 Stoichiometry  




































Methods used in computational systems 
biology 
• Systems of ordinary differential equations (ODEs) 
• Petri nets 
• Pi calculus 
• Partial differential equations (PDEs) 
• Cellular automata (CA) methods 
• Agent-based systems 




































Standards for simulations 
• Several standardization efforts empower the 







































Language of Simulation 
 
Simulation Experiment Description Markup Language  




Systems Biology Results Markup Language (SBRML)  




































Tools for simulation  
• MATLAB   
 
• Complex  Pathway  Simulator (COPASI) 
 
• Systems Biology Workbench (SBW) 
 It is a software platform that allows multiple 
applications - 
 Modelling 
 Analysis  













































































































Time Petri Net Analyser (TINA) 
a toolbox for the editing and analysis of Petri nets 
 
WoPeD 























































































































































































• Sensitivity analysis 
 
 















































































































Sensitivity analysis  
 SBML-SAT 
 
 MATLAB SimBiology 
 







































SILAC- stable isotope 
labelling with amino 
acids in cell culture. 



































• There are lots of tools are available to Perform 
system biology but integration of these tools are 
necessary to increase the capability of scientist  to 
explore more and more biological systems 
 
• Require innovative idea to make this system biology 
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